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(54) Heat exchanger of falling film type 

(57) A heat exchanger for exchanging heat between 
first and second fluids has plurality of vertically oriented 
first and second passages 1 2 and 1 4 which are defined 
between alternating first and second passage walls 10. 
The first and second passages 1 2 and 1 4 bring the first 
and second fluids into a heat transfer relationship. The 
first passages 12 are associated with an inlet manifold 
20 and an outlet manifold 34, for instance, to admit gas- 
eous nitrogen into the top of the first passages 12 and 
to discharge condensed nitrogen from the bottom of the 
first passages 12. An inlet manifold 44 is provided to 
introduce the second fluid in liquid state into the second 
passages 14. A liquid film is distributed within the sec- 
ond passages by way of an arrangement of slotted di- 
viding bars 54 having staggered slots 58 along their 
length to urge liquid against the walls 10 defining the 
second passages. AdditionaHy, or in place of the dividing 
bar arrangement, a plural-domain corrugated fin mate- 
rial arrangement comprising upper corrugated fin mate- 
rial 60 and lower corrugated fin material 62 can be pro- 
vided to effect a liquid film distribution within the second 
passages. The lower corrugated fin material 62 has a 
higher density than the upper material 60. 



FIG. 3 
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Description 

The present invention relates to a heat exchanger 
of the type known as a downflow reboiler or a falling flinn 
evaporator in which heat exchange takes place between 5 
two fluids flowing within adjacent, alternating heat ex- 
change passages. 

Downflow reboilers, also known as falling film evap- 
orators, are used as a vehicle for indirectly transferring 
heat between two fluids, generally a liquid and a vapour io 
Such heat exchangers are often constructed from a plu- 
rality of parallel plates to form alternating heat exchange 
passages to indirectly exchange heat between the two 
fluids. In case of heat transfer to a liquid, heat transfer 
efficiency is realised by producing a descending liquid t5 
film within the heat exchange passages provided for the 
liquid. In order to further increase efficiency, the heat ex- 
change passages can be filled with sheets of corrugated 
fin material to form vertically oriented channels within 
the heat transfer passages. Such channels increase the 20 
surface for the flow of the liquid film and therefore, the 
active area through which heat exchange can take 
place. 

Obviously, to the extent liquid simply falls through 
the heat exchange passages without ever having 2S 
formed a film, heat exchange efficiency will be lost. Ad- 
ditionally, the full potential of heat exchange efficiency 
of such a heat exchanger will not be realised to the ex- 
tent a liquid film does not form within the channels pro- 
vided by the corrugated fin material. 3o 

As will be discussed, the present invention provide 
liquid film distribution apparatus to enhance the forma- 
tion and maintenance of liquid film within heat exchange 
passages and channels formed by corrugated fin mate- 
rial located within heat exchange passages. 35 

According to a first aspect the present invention pro- 
vides a heat exchanger for exchanging heat between 
first and second fluids, said heat exchanger comprising: 

a plurality of vertically oriented, spaced apart pas- ^0 
sage walls defining a plurality of altemating first and 
second passages located between said passage 
walls to receive respectively said first and second 
fluids in an indirect heat transfer relationship; 

45 

first inlet and outlet means for respectively introduc- 
ing and discharging said first fluid into and from said 
first passages; 

second inlet means for Introducing said second fluid so 
into said second passages as a liquid; 

slotted dividing bars located between said passage 
walls defining said second passages, said slotted 
dividing bars having spaced, vertically oriented 55 
slots to cause said liquid to flow against said pas- 
sage walls defining said second passages, thereby 
to enhance formation of liquid film on said passage 



walls; and 

second outlet means for discharging said second 
fluid from said second passages after having indi- 
rectly exchanged heat with said first fluid. 

According to a second aspect the present invention 
provides a heal exchanger for exchanging heat between 
first and second fluids, said heat exchanger comprising: 

a plurality of vertically oriented, spaced apart pas- 
sage walls defining a plurality of alternating first and 
second passages in indirect heat exchange rela- 
tionship with one another for receiving said first and 
second fluids, respectively; 

first corrugated fin material located within the first 
and second for forming vertically oriented channels 
for downflow of liquid film; 

first inlet and outlet means for respectively introduc- 
ing and discharging said first fluid into and from said 
first passages; 

second inlet means for introducing said second fluid 
into said second passages as a liquid; 

at least two sections, located above said vertically 
oriented channels and within said second passag- 
es, respectively containing second and third corru- 
gated fin material; 

said second corrugated fin material located above 
said third corrugated fin material; 

said third corrugated fin material having a corruga- 
tion density higher than that of said second corru- 
gated fin material and no greater than that of said 
first corrugated fin material to distribute said liquid 
film into said vertically oriented channels located 
within said second passages; and 

second outlet means for discharging said second 
fluid from said second passages after having indi- 
rectly exchanged heat with said first fluid. 

As will be discussed the present invention also com- 
prehends using both of the foregoing aspects in con- 
junction with one another so that liquid film formation 
and the distribution of the liquid film is enhanced. It is to 
be noted that the term "density" as used herein and in 
the claims means the number of folds or corrugations 
within the corrugated fin material per unit length of ma- 
terial. 

A heat exchanger according to the invention will 
now be described, by way of example, with reference to 
the accompanying drawing, in which: 
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Figure 1 is a sectional view of a heat exchanger in 
accordance with the present invention taken along 
line 1-1 of Figure 2; 

Figure 2 is a sectional view of Figure 1 taken along 5 
line 2-2 of Figure 1 ; and 

Figure Sis a fragmentary, perspective view of a heat 
exchanger in accordance with the present invention 
with portions broken away in order to show internal io 
components of such heat exchanger. 

With reference to the drawings , a heat exchanger 
1 in accordance with the present invention is illustrated. 
Heat exchanger 1 is designed to be used in connection ^5 
with a sump. The sump can simply be a tank enclosing 
heat exchanger 1 or a sump, for instance, in a lower 
pressure column of a double distillation column, de- 
signed to receive liquid oxygen. 

Heat exchanger 1 is configured to exchange heat 20 
between first and second fluids which can be gaseous 
nitrogen and liquid oxygen. To this end, the plurality of 
vertically oriented, spaced apart passage walls 10 are 
provided to define a plurality of alternating first and sec- 
ond passages 12 and 14, respectively. Passage walls 25 
10 are sandwiched between vertically oriented dividing 
bars 1 5, thereby to seal first and second passages 1 2 
and 1 4 at their lateral edges. The sides of heat exchang- 
er 1 are formed by sidewalls 1 6 which are joined at their 
lateral edges to vertical dividing bars sealing the outer- 30 
most of first passages 1 2. 

First passages 1 2 are sealed at the top and bottom 
by top and bottom dividing bars 17 and 18, respectively 
located at the top and bottom of first passages 1 2. A first 
fluid, for instance, gaseous nitrogen to be condensed, 3S 
enters a first inlet manifold 20 having an inlet opening 
22. For exemplary purposes^ the gaseous nitrogen hav- 
ing entered inlet manifold 20 is then conducted in a hor- 
izontal direction by horizontally oriented, corrugated fin 
material 24. Inclined corrugated fin mate rial 26 conducts 40 
the horizontal flow of nitrogen to a more vertical direction 
for reception in first passages 12. In order to increase 
surface area for heat transfer, each of the first and sec- 
ond passages contain a first corrugated fin material 28. 
After condensation within first passages 12, the result- 45 
ing liquid is deflected to the horizontal from the vertical 
by provision of inclined corrugated fin material 30 and 
horizontally oriented corrugated fin material 32. Liquid 
nitrogen is then discharged from first passages 12 by 
provision of a first outlet manifold 34 having a discharge so 
opening 36. 

First inlet manifold 20 and first outlet manifold 34 
are connected to vertically oriented dividing bars 15. As 
illustrated, the vertically oriented dividing bars 15 used 
in sealing first passages 12 are staggered to allow the 55 
first fluid to enter first passages from first inlet manifold 
20 and thereafter, to be discharged from first passages 
12 to first outlet manifold 34. 



A second fluid (that for purposes of illustration can 
be liquid oxygen) enters a reservoir 42 through a second 
inlet manifold 44 having an inlet opening 46. Reservoir 
42 is formed, on one side, by second inlet manifold 44 
and, on the opposite side by an end plate 47. Sidewalls 
1 6 are sized to extend above first and second passages 
1 2 and 14 to form the transverse sides of reservoir 42. 
Liquid flows through a perforated base plate 48 having 
openings 50 to second passages 14 where the liquid 
descends as a film and undergoes indirect heat ex- 
change with the first fluid passing within first passages 
12. As illustrated, second passages 14 are open at the 
bottom of heat exchanger 1 to allow liquid that has not 
been vaporised to fall into a sump not shown to be used 
in connection with the illustrated embodiment of heat ex- 
changer 1 . (Alternatively, an outlet manifold (not shown) 
may be provided so as to conduct the liquid from the 
second passage 14. Thus, although not illustrated, di- 
viding bars 1 5 used in connection with second passages 
14 extend the full length of second passages 14. 

With additional reference to Figure 3, liquid passing 
through openings 50 falls onto slotted dividing bars 54, 
each of which may have a lengthwise extending peak 
56. An alternate arrangement of staggered slots 58 de- 
fined within the sides of each of dividing bar 54 allow 
liquid to flow downwardly and against passage walls 10 
to initiate liquid film production. It is understood that 
peaks 56 could be omitted and as such, the top of slotted 
dividing bars 54 could be flat. In any embodiment of di- 
viding bars 54, the staggering of slots 58 ensures that 
liquid coverage will be along the entire length of each 
second passage 14 so as to fully utilise it. 

As mentioned above, first corrugated fin material 28 
is provided in both first and second passages 12 and 
14. The corrugations of first corrugated fin material 28 
produce vertical channels within each first and second 
passage 12 and 14. In order to produce film formation 
on as many of such vertical channels as possible, sec- 
ond, third, and fourth corrugated fin materials 60, 62 and 
64 can be provided to further distribute liquid film initiat- 
ed at slotted dividing bars 54. Second corrugated fin ma- 
terials 62 is less dense than underlying third corrugated 
fin material 64. Fourth corrugated fin material 64, inter- 
posed between first and second corrugated fin materials 
60 and 62, is more dense than first corrugated fin ma- 
terial 60 but less dense than second corrugated fin ma- 
terial 62. This arrangement of corrugated fin materials 
ensures that the descending liquid film becomes in- 
creasingly more divided during its descent through 
these sections of corrugated fin materials. In order prop- 
erly to distribute liquid film to the vertical channels 
formed by first corrugated film material 28, the density 
of second corrugated fin material 62 should be no great- 
er than first corrugated fin material 28. 

This plural-domain finning (described above) could 
be constructed from two regions of corrugated-fin ma- 
terial, the first region having a lower density of material 
than an underlying second region. Moreover, as men- 
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tioned above, such plural-domain distribution could be 
utilised alone or in conjunction with liquid filnn distribu- 
tion designs other than slotted dividing bars 54. 

6 

Claims 

1 . A heat exchanger for exchanging heat between first 
and second fluids, said heat exchanger comprising: 

10 

a plurality of vertically oriented, spaced apart 
passage walls (10) defining a plurality of alter- 
nating first and second passages (12; 14) locat- 
ed between said passage walls (10) to receive 
respectively said first and second fluids in an 15 
indirect heat transfer relationship; 

first inlet and outlet means (20, 22. 24, 26; 30, 
32, 34, 36) for respectively introducing and dis- 
charging said first fluid into and from said first 20 
passages (12); 

second inlet means (42, 44, 46, 48, 50) for in- 
troducing said second fluid into said second 
passages (14) as a liquid; 2S 

slotted dividing bars (54) located between said 
passage walls (10) defining said second pas- 
sages (14), said slotted dividing bars (54) hav- 
ing spaced, vertically oriented slots (58) to 30 
cause said liquid to flow against said passage 
walls defining said second passages (14), 
thereby to enhance formation of liquid film on 
said passage walls (10); and 

35 

second outlet means for discharging said sec- 
ond fluid from said second passages (14) after 
having indirectly exchanged heat with said first 
fluid. 

40 

2. A heat exchanger as claimed in claim 1, further 
comprising: 

first corrugated fin material (28) located within 
the first and second passages ( 1 2; 1 4) for form- 45 
ing vertically oriented channels for downflow of 
the liquid film 

at least two sections, located above said verti- 
cally oriented channels and below said slotted 50 
dividing bars (54) and within said second pas- 
sages (14), respectively containing second and 
third corrugated fin material (60;62); 

said second corrugated fin material (60) being 55 
located above said third corrugated fin material 
(62); and 



said third corrugated fin material (62) having a 
corrugation density higher than said second 
corrugated fin material (60) and no greater than 
said first corrugated fin material (28) to distrib- 
ute said liquid film into said vertically oriented 
channels located within said second passages. 

3. A heat exchanger as claimed in claim 1 or claim 2, 
wherein each of said slotted dividing bars (54) has 
a lengthwise extending peak (56) to cause said liq- 
uid to flow towards said slots (58). 

4. A heat exchanger as claimed in claim 2 or claim 3, 
further comprising a fourth corrugated fin material 
(64) located between said second and third corru- 
gated fin materials (60) and (62) and having an in- 
termediate corrugation density between the corru- 
gation densities of said second and third corrugated 
fin materials (60;62). 

5. A heat exchanger as claimed in any one of the pre- 
ceding claims, wherein there is a first row of slots 
(8) on one side of each dividing bar (54) and a sec- 
ond row of slots (58) on the other side thereof, the 
slots (58) in the first row being staggered relative to 
the slots (58) in the second row. 

6. A heat exchanger as claimed in any one of the pre- 
ceding claims, wherein said second passages (14) 
are open at a bottom region of said heat exchanger 
so as to provide said second outlet means. 

7. A heat exchanger as claimed in any one of the pre- 
ceding claims, wherein said first inlet means 
20,22,24,26) comprises a manifold (20) for distrib- 
uting said first fluid to said first passages (12), cor- 
rugated fin material (24) having horizontal corruga- 
tions for conducting said first fluid horizontally, and 
inclined corrugated fin material (26) having sloping 
corrugations for deflecting said first fluid from its 
horizontal flow direction. 

8. A heat exchanger as claimed In any one of the pre- 
ceding claims, wherein said passage walls (10) are 
provided by a plurality of spaced apart plates. 

9. A heat exchanger as claimed in any one of the pre- 
ceding claims, comprising inclined finning (30) for 
receiving said first fluid from said first passages (12) 
and deflecting the first fluid from a vertical to an in- 
clined direction, and further finning (32) for conduct- 
ing said first fluid along a horizontal path to an outlet 
manifold (34). 

10. A heat exchanger for exchanging heat between first 
and second fluids, said heat exchanger comprising: 

a plurality of vertically oriented, spaced apart 



4 



BNSDOCID: <EP 0797065A2_)_> 



7 



EP 0 797 065 A2 



passage walls (10) defining a plurality of alter- 
nating first and second passages (12, 1 4) in in- 
direct heat exchange relationship with one an- 
other for receiving said first and second fluids, 
respectively; s 

first corrugated fin material (28) located within 
the first and second (12, 14) for fornning verti- 
cally oriented channels for downflow of liquid 
film; 10 

first inlet and outlet means (20,22,24,26; 
30,32,34,36) for respectively introducing and 
discharging said first fluid into and from said 
first passages (12); is 

second inlet means (42.44,46,48,50) for intro- 
ducing said second fluid into said second pas- 
sages (14) as a liquid; 

20 

at least two sections, located above said verti- 
cally oriented channels and within said second 
passages (14), respectively containing second 
and third corrugated fin material (60,62); 

25 

said second corrugated fin material (60) locat- 
ed above said third corrugated fin nnaterial (62); 

said third corrugated fin material (62) having a 
corrugation density higher than that of said sec- 30 
ond corrugated fin material (60) and no greater 
than that of said first corrugated fin material 
(28) to distribute said liquid flim into said verti- 
cally oriented channels located within said sec- 
ond passages (14); and 35 

second outlet means for discharging said sec- 
ond fluid from said second passages (14) after 
having indirectly exchanged heat with said first 
fluid. 40 

A heat exchanger as claimed in claim 10, wherein 
said second passages (14) are open at a bottom 
region of said heat exchangers so as to provide said 
second outlet means. 45 

A heat exchanger as claimed in claim 10 or claim 
1 1 . further comprising a fourth corrugated fln mate- 
rial (64) located between said second and third cor- 
rugated fin materials (60,62) and having an inter- so 
mediate density between the corrugation densities 
of said second and third corrugated fin materials 
(60,62). 



55 



5 



0797065A2_L> 



EP 0 797 065 A2 




BNSDOCID: <EP 0797065A2_L> 



EP 0 797 065 A2 




7 



BNSDOCID: <EP„ 0797065A2_L> 



EP 0 797 065 A2 

FIG. 3 




8 



BNSDOCID: <EP 0797065A2_L> 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Olfice europeen des brevets 



(11) 



EP 0 797 065 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Ddte of publication A3; 


(o 1 ) int Lf\ ". f^^ou o/uu 




17.02.1999 Bulletin 1999/07 


(43) 


Date of publication A2: 






24.09.1997 Bulletin 1997/39 






ADDlicf^tion numbpr' 97301747 8 




(22) 


Date of filing: 13.03.1997 




(84) 


Designated Contracting States: 


• Natarajan, Venkat 




BE DE FR GBIEITNLSE 


Scotch Plains, New Jersey 07076 (US) 


(30) 


Priority 18,03.1996 US 617460 


(74) Representative: Wickham, Michael et al 






c/o Patent and Trademark Department 


(71) 


Applicant: THE BOC GROUP, INC. 


The BOC Group pic 




Murray Hill, New Providence, 


Chert sey Road 




New Jersey 07974-2082 (US) 


Windlesham Surrey GU20 6HJ (GB) 


(72) 


Inventors: 




• 


Sweeny, Paul Alfred 






Basking Ridge, New Jersey 079201 (US) 





(54) Heat exchanger of falling film type 



CO 
< 

in 

CD 

o 



(57) A heat exchanger for exchanging heat between 
first and second fluids has plurality of vertically oriented 
first and second passages 12 and 14 which are defined 
between alternating first and second passage walls 10. 
The first and second passages 12 and 14 bring the first 
and second fluids into a heat transfer relationship. The 
first passages 12 are associated with an inlet manifold 
20 and an outlet manifold 34, for instance, to admit gas- 
eous nitrogen into the top of the first passages 1 2 and 
to discharge condensed nitrogen from the bottom of the 
first passages 12. An inlet manifold 44 is provided to 
introduce the second fluid in liquid state into the second 
passages 14. A liquid film is distributed within the sec- 
ond passages by way of an arrangement of slotted di- 
viding bars 54 having staggered slots 58 along their 
length to urge liquid against the walls 10 defining the 
second passages. Additionally, or in place of the dividing 
bar arrangement, a plural-domain corrugated fin mate- 
rial arrangement comprising upper corrugated fin male- 
rial 60 and lower corrugated fin material 62 can be pro- 
vided to effect a liquid film distribution within the second 
passages. The lower corrugated fin material 62 has a 
higher density than the upper material 60. 
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